Background: MicroRNA-34a (miR-34a) is a potential prognostic factor for survival in patients with several types of cancer according to previous clinical researches. We conducted a systematic review and meta-analysis to summarize the significance of increased miR-34a expression in the prognosis of patients' overall survival.
The predictive effect of overexpressed mir-34a on good survival of cancer patients: a systematic review and meta-analysis 
Introduction
MicroRNAs (miRNAs) are small single-stranded noncoding RNAs of ~19-25 nt in length. They regulate gene expression usually by targeting the 3′-UTR of their target mRNAs for translational repression, degradation, or both. 1 According to the current researches, miRNAs involved in most of the biological processes in mammal cells, including proliferation, differentiation, migration, apoptosis, malignant transformation, metabolism, and so on. It is estimated that approximately 60% genes are regulated by miRNAs. 2 miRNAs were first associated with cancer in 2002, 3 and the expressions of miRNA15a as well as miRNA-16-1 were found to be decreased in B-cell chronic lymphocytic leukemia, which implied their potential role in cancer diagnosis and treatment. During the following decade, the abnormal expression pattern of many miRNAs was proved, 2, 4 and gradually, miRNAs were accepted as cancer suppressors or promoters.
MicroRNA-34a (miR-34a) expression was first evaluated in malignant cholangiocytes cells in 2006. 5 In the next year, miR-34a was found to be directly transactivated by p53, and its responsive genes were highly enriched for those that regulate cell cycle progression, apoptosis, DNA repair, and angiogenesis. [6] [7] [8] [9] In colon cancer cells, miR-34a suppressed cell proliferation and induced senescence-like phenotypes by downregulating the E2F pathway in vitro, and its decreased expression was also detected in cancer patients. 10 Some other researches showed the similar results, [11] [12] [13] [14] [15] so miR-34a was considered a tumor-suppressive miRNA. 
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In 2009, a clinical research found that miR-34a was downregulated in non-small cell lung cancer (NSCLC) tissue, and its decreased expression was correlated with a high probability of relapse (P=0.04), which was the first time that miR-34a was identified as a prognostic marker for cancer patients. 16 Up to now, overexpressed miR-34a has been reported to be related to good survival in NSCLC, 17 pancreatic ductal adenocarcinoma, 18 sinonasal squamous cell carcinoma, 19 Ewing's sarcoma, 20 mantle cell lymphoma, 21 mucosa-associated lymphoid tissue lymphoma and diffuse large B-cell lymphoma, 22 as well as glioma. 23 However, there were still insignificant or even opposite results. [24] [25] [26] [27] [28] [29] [30] Therefore, it is necessary to conduct a systematic review and meta-analysis to get a better understanding of the prognostic effect of miR-34a on cancer patients.
In this research, we collected global literatures on the prognostic effect of miR-34a on cancer patients and assessed the value of miR-34a as a biomarker for good survival. )", in PubMed and "'mir 34a'/exp or 'mir 34a' and ('cancer'/exp or cancer)", "'mir 34a'/exp or 'mir 34a' and ('carcinoma'/exp or carcinoma)", "'mir 34a'/exp or 'mir 34a' and ('tumor'/exp or tumor)", "'mir 34a'/exp or 'mir 34a' and ('neoplasm'/exp or neoplasm)" in Embase. We set no advanced limitations when searching both the databases. All the searching results were checked by going through the titles and abstracts, and the duplications were removed directly.
Materials and methods
The eligible studies were collected using our previous methods. 32 Information of the eligible reports, such as titles, abstracts, and full texts, was independently and carefully identified by three reviewers (Jian Wang, Guorong Dan, and Feng Ye), and these extracted articles were checked for a second time by two reviewers (Yu Ding and Jin Cheng). All disagreements were discussed by the aforementioned reviewers or in consultation with two senior reviewers (Fahuan Yuan and Zhongmin Zou).
Quality assessment
All the included studies for survival analysis were evaluated according to the critical review checklist of the Dutch Cochrane Centre proposed by MOOSE. 31 As described in detail previously, 32 studies were excluded if they did not mention all the seven points.
Data extraction and conversion
Data were extracted in standardized data collection form. With regard to the researches on the prognostic effect of miR-34a on cancer survival, the extracted data included the following details: 1) publication information as mentioned earlier; 2) patient characteristics, including sample size, type of disease, stage of disease, histological type, and follow-up time; 3) miR-34a measurement and cutoff value; and 4) hazard ratios (HRs) of elevated miR-34a for overall survival (OS), disease-free survival, disease-specific survival (DSS), event-free survival (EFS), progress-free survival, recurrencefree survival, as well as their 95% confidence intervals (CIs) and P-values. If available, the HRs with their 95% CIs and P-values were directly collected from the original articles or Email correspondence with the corresponding authors. If not, the HRs and their 95% CIs were calculated using the data of observed deaths/cancer recurrences, the data of samples in each group, or the data provided by the authors. If only Kaplan-Meier curves were available, essential data were extracted from the graphical survival plots and the HRs were estimated. All the aforementioned calculations were based on the methods provided by Parmar et al 33 and Tierney et al 34 which we used in our previous meta-analysis. 32 
statistical analysis
The test of heterogeneity of combined HRs was carried out using Cochran's Q test and Higgins I-squared statistic. The factors contributing to the heterogeneities were analyzed by subgroup analysis or sensitive analysis according to our previous methods. 32 Publication bias was evaluated using the funnel plot with the Egger's bias indicator test. 35 The other details were described in our previous analysis. 32 All analyses were performed using "STATA: Data Analysis and Statistical Software" V11. 
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Results

study characteristics and systematic review
We collected 1,005 records from PubMed and 2,986 from Embase in the primary research with different keywords and excluded 3,015 duplicates from the initial records. After screening the titles, abstracts, publication types, and full texts of the remaining 1,005 records, 990 records were excluded according to the listed criteria. Then, the references of the remaining 15 qualified records were manually checked, and there was no additional record found in the cross-references. So, we got the 15 records included in our analysis. [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] Figure 1 showed the flow diagram of candidate selection records in our study.
All the 15 studies were retrospective cohort researches in design. The collected 2,597 patients were from Austria, Belgium, Brazil, People's Republic of China, Finland, France, Germany, Greece, Italy, Japan, Lithuania, Poland, Romania, Slovakia, Spain, Sweden, UK, US, and Yugoslavia. The sample sizes ranged from 24 to 884 with an average sample size of 173 per study. The patients were diagnosed with a variety of cancers, including acute myeloid leukemia with complex karyotype, glioma, leukemic mantle cell lymphoma, resectable pancreatic ductal adenocarcinoma, glioblastoma, NSCLC, breast cancer, sinonasal squamous cell carcinoma, Ewing's sarcoma of bone, gastric cancer, esophageal adenocarcinoma, ovarian cancer, gastric mucosaassociated lymphoid tissue lymphoma, and diffuse large B-cell lymphoma. Of all the 15 studies, four studies focused on digestive system tumor (n=351), 18, 22, 28, 29 three studies on NSCLC (n=742), 16, 17, 24 two studies on glioma (n=302), 23, 26 and two studies on lymphoma (n=152). 21, 22 Ten of the studies provided the stage of cancer patients, while the remaining five records did not. Thirteen of the 15 studies detected the expression of miR-34a in cancer tissue (six frozen and seven formalin fixed and paraffin embedded), one study detected in blood sample, 29 and one study mentioned nothing about the concerning information. 26 Six of the included studies used median value as cutoff value, 18, 20, 24, 25, 27, 29 three studies used exact value of miRNA expression, 17, 19, 23 two studies used values selected by Maxstat software, 16, 21 one study used the first quartile of the Automated Quantitative Analysis score distribution, 26 and three did not mention the concerning information. For criteria of survival assessment, ten of the included studies used OS, two used recurrence-free survival, two used progress-free survival, two used disease-free survival, one used DSS, one used cancer-specific survival, and one used EFS. The HRs were acquired by direct collection of reported data in six records, calculation based on the shown data in three records, evaluation from the survival curve in five researches, and author's Email for one research. The follow-up time ranged from 23 to 150 months and reached 5 years in ten studies. The main information of the 15 studies was summarized in Table 1 .
To measure the expression of miR-34a, 12 of the 15 studies used qRT-PCR, two used in situ hybridization, 22, 28 and Figure 1 The flowchart showed the selection of studies for meta-analysis. Abbreviation: mir-34a, microrna-34a.
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Meta-analysis results
HRs could only be retrieved from the unique study, such as DSS (HR =0, 95% CI: 0) in sinonasal squamous cell carcinoma, cancer-specific survival in breast cancer (5- (Figure 2) .
Furthermore, subgroup analysis was carried out based on the types of cancers, such as digestive system cancer, lymphoma, and sarcoma. First, as an obvious heterogeneity (P=0.002 and I 2 =84.0%) existed in those researches on OS of digestive system cancer patients, a random model was used to pool the HRs. The combined HR, 0.51 (95% CI: 0.20-1.26, P=0.145) ( Figure 3A) , indicated that overexpressed miR-34a would potently predict good OS for patients with digestive system cancer. Two researches focused on the prognostic effect of miR-34a on the OS of lymphoma patients and sarcoma patients separately, and meta-analysis was not conducted.
Seeing that the expression of miR-34a in some researches was detected in cancer samples collected before treatment, and some was after treatment, HRs was also pooled according to these two conditions. A random model was used to pool the HRs of researches with untreated patients (low heterogeneity, P=0.060 and I 2 =59.5%), and the combined HR was 0.63 (95% CI: 0.38-1.06, P=0.084) ( Figure 4A =59.5%). The most possible sources of the heterogeneity were also analyzed by different methods.
On the one hand, since the heterogeneity of OS analysis group was obvious, we divided the 11 studies into three cancer type-specific analysis groups (four studies on digestive system cancer, two studies for lymphoma, and two studies on sarcoma). The heterogeneity was still obvious in digestive system cancer and sarcoma groups, so the cancer type could not solely explain the heterogeneity in OS analysis group. On the other hand, a meta-regression analysis was conducted to evaluate the potential factors responsible for the obvious heterogeneity. As a result, the publication year (P=0.617), cutoff values (P=0.651), patient's origin (P=0.914), risk evaluation method (P=0.957), follow-up time (P=0.751), and cancer type (P=0.112) contributed little to the heterogeneity, but the sample size (P=0.023) was the main source of heterogeneity.
Because meta-regression analysis is not proper to seek the sources of heterogeneity for analysis group with less than ten studies, sensitivity analysis was performed instead. In the OS analysis group for untreated patients, heterogeneity was significant (P=0.060 and I 2 =59.5%). When Nakatani's study was removed from analysis, the heterogeneity became insignificant (P=0.704 and I 2 =0%). Using the same method, we found that Jamieson's studies were responsible for the heterogeneity in the digestive system cancer analysis group, and Jamieson's as well as He's studies contributed most to the heterogeneity in the treated patients group.
Publication bias
The publication bias of included studies was evaluated by funnel plots and Egger's tests. As shown in Figure 3B , the funnel plots were almost symmetric. In OS meta-analysis, the P-values of Egger's regression intercepts were 0.175. Hence, there was no evidence for significant publication bias in our meta-analysis. 
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Predictive effect of overexpressed mir-34a on survival of cancer patients Discussion miR-34 family includes three members-miR-34a, miR-34b, and miR-34c. In human, miR-34a is located at 1p36 locus of chromosome 1, and miR-34b and miR-34c are located at 11q23 locus of chromosome 11. All the three members are p53-dependent and share the same seed sequence as well as similar functions, but their target genes are different. 36 As a downstream element of p53 pathway, miR-34a is always known as a tumor-suppressive miRNA for its repression effect on cell cycle, cell invasion, cell migration, cancer stem cell, and so on. 37 miR-34a plays an important role in DNA damage response. Ectopic expression of miR-34a induces cell cycle arrest by downregulating target genes, and as a result, inhibits damaged DNA replication. 6, 10 The expression of miR-34a decreases frequently in some p53 mutant cancer cells, such as U251 and chronic lymphocytic leukemia cells. In these cells, some miR-34a target genes, which are related to cell cycle, tumor invasion, and migration, are upregulated, 39, 40 and restoration of functional miR-34a enhances the chemotherapy susceptibility and inhibits tumor cell growth. Some of the direct downstream targets of miR-34a, such as Bcl-2, Notch, and HMGA2 (high-mobility group AT-hook 2), are all responsible for self-renewal of the cell, so miR-34a may suppress the self-renewal of cancer stem cells. 36, 41 In animal tumor models, the therapeutic activity of miR-34a was also evaluated in NSCLC, prostate cancer, melanoma, pancreatic cancer, and lymphoma, and the miR-34a treated animal showed a significant tumor growth inhibition. 37 These experiment results were consistent to our research.
In the current analysis, we got four pooled HRs from 15 researches on 2,597 patients with 13 different types of cancer from 19 countries. The main conclusions can be summarized as follows: 1) miR-34a did predict good overall survival for cancer patients with a pooled HR =0.76 (95% CI: 0.55-1.06), though the P-value was not satisfying enough (P=0.105); 2) the result seemly suggested that miR-34a was an ideal biomarker for good outcome in digestive system cancer patients (HR =0.50, 95% CI: 0.25-0.99, P=0.048); 3) the predictive role of miR-34a in cancer tissue collected from patients before (HR =0.63, 95% CI: 0.38-1.06, P=0.084) and after (HR =0.79, 95% CI: 0.51-1.21, P=0.271) treatment, and they were not obviously different. To our knowledge, this was the first meta-analysis on the prognostic effect of miR-34a on cancer patients.
Though the prognostic effect role of miR-34a on cancer patients was proved by experimental results and statistically identified by clinical researches and this meta-analysis, 
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Predictive effect of overexpressed mir-34a on survival of cancer patients current conclusions should be cautiously appreciated. First, all the four pooled HRs were of statistical insignificance, suggesting the predictive effect of miR-34a was limited. Second, several HRs were calculated based on the data collected from the survival curves, which would bring errors, although small. Third, HRs were pooled from different articles with different cutoff values due to methods limitations while a general baseline of miR-34a expression level could not be set up. In addition, the HR for OS in Mudduluru's study was 0.01 with 95% CI of 0, which made the direct pooling of this HR with the others using STATA impossible, so the HRs were pooled without Mudduluru's study. Fourth, only researches published in English were included in this analysis, which could lead to the miss of applicable studies in non-English publication.
Because six of the eight analysis groups were with heterogeneity, the HRs were pooled with a random effect model, and the possible resource of heterogeneity was also explored by subgroup analysis, meta-regression, and sensitive analysis. Subgroup analysis based on cancer types as well as the meta-regression result suggested that the cancer type might not be responsible for the heterogeneity. The meta-regression results showed that the sample size of each study was responsible for the obvious heterogeneity in OS analysis group, and the sensitive analysis results figured out responsible studies of heterogeneity in the analysis groups of treated patients, untreated patients, and digestive system cancer patients. Publication bias was not found in the OS analysis group; however, the amount of researches was not large enough to ensure the current conclusion.
Nowadays, miRNAs have been widely considered as oncogene or cancer suppressor, but several concerns should be stressed. First, a set of miRNAs would be more proper to predict the outcome of one type of cancer. There are already studies focused on this issue, 42, 43 and present analysis proposes miR-34a as a candidate miRNA for future study. Second, most of the studies detected the expression of miR-34a in cancer tissue, and this brings many problems. Due to the heterogeneity of cancer, the collected tissue might not precisely reflect the status of cancer, and lack of standard methods of collecting the tissue, isolating the RNA, detecting the expression of miRNA, and even the internal references would obstruct the clinical research of miRNA in cancer. Third, circulating miRNAs would be an ideal choice for their convenient sampling in future clinical cancer research. Circulating miRNA may not only play diagnostic and prognostic role in cancer patients but also can be applied in cancer screening by regularly monitoring miRNA profiles.
Conclusion
Our meta-analysis collected studies on the relationship of miR-34a expression and cancer patient survival found that the overexpression of miR-34a potently predict good survival of patients with digestive system cancer. Because of the limitation of meta-analysis results when applied to observational or retrospective studies that could hardly be compared, one should be cautious in interpreting the current conclusion. Further clinical researches are needed to testify the association between miR-34a and cancer prognosis as well as the efficiency of therapies.
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